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a b s t r a c t 
Radiative lifetimes of ﬁve levels in Be I lying in the energy range 64,506.45–71,160.52 cm −1 were mea- 
sured by the time-resolved laser-induced ﬂuorescence technique. These new data, together with previ- 
ously measured radiative lifetimes and two reliable calculated lifetimes, were combined with branch- 
ing fractions obtained from pseudo-relativistic Hartree–Fock calculations to deduce semi-empirical tran- 
sition probabilities and oscillator strengths for 90 Be I spectral lines involving upper levels ranging from 
42,565.35 to 72,251.27 cm −1 . 












































Beryllium (Be, Z = 4) has simple atomic structure entailing elec-
tronic interaction not only within the same shell, but also between
different shells. Over the years, the four-electron Be I isoelectronic
sequence has been taken as the testing ground for theoretical
methods of calculating atomic structure and radiative properties,
so the knowledge about beryllium atomic structure is important
for studies of multi-electronic systems. Atomic radiative data such
as lifetime and transition probability are helpful to gain an insight
into the atomic structure. Spectroscopic data for Be I also have sig-
niﬁcant importance in astrophysics. For example, properties related
to transition probabilities are needed for diagnostics of astrophys-
ical plasmas [1,2] . One of the methods for determining transition
probabilities and oscillator strengths is through the combination of
radiative lifetimes with branching fractions (BFs). Hence, the life-
time measurements and determinations of BFs in Be I are of great
signiﬁcance. 
In 1969, Bergström et al. measured seven lifetimes in Be I us-
ing a beam foil technique and presented transition probabilities
for four lines from four of the seven levels [3] . With the same
technique, radiative lifetime of the level 67,941.66 cm −1 was mea-
sured by Bromander et al. in 1969 [4] . In the same year, the∗ Corresponding authors. 






0022-4073/© 2018 Elsevier Ltd. All rights reserved. ifetimes of ten terms including two terms above the ionization
imit 75,192.64 cm −1 were determined using the foil-excitation
echnique, and transition probabilities and oscillator strengths for
even transitions were also evaluated by Andersen et al. [5] . In
971, Bromander revised eight lifetimes in Be I by a reinvestiga-
ion of the original decay curves from the experiments described
n [3,4] and obtained oscillator strengths for ﬁve transitions [6] .
ith the beam-foil technique, the lifetimes for the series 2s n d 1 D
 n = 3–6) in Be I were measured, and oscillator strengths for the
ransitions down to 2s2p 1 P o were determined by Andersen et al.
n 1971 [7] . In the same year, Berry et al. measured the lifetime of
he 2p3p 3 P state using the beam-foil technique [8] . With the same
echnique, lifetimes of eight Be I terms, seven of which are located
bove the ionization limit, were determined by Hontzeas et al. in
972 [9] . Lifetime of the level 68,780.86 cm −1 was measured by
oulsen et al. with fast-beam, zero-ﬁeld level-crossing method in
975 [10] . In 1980, selective laser excitation was used to measure
ifetimes of the 2s3s 3 S and 2s3d 3 D states of Be I by Kerkhoff
t al. [11] . In 1994, Ellis et al. measured lifetimes of 2p3p and 2p3d
evels in Be I and calculated them using the Hartree–Fock method
12] . Transition probabilities were reported for the 2s 2 1 S–2s2p 1 P o 
ransition in Be I by Irving et al. and Schnabel and Kock in 1999
nd 20 0 0, respectively [13,14] . 
In theoretical calculations, beryllium atom is also an attractive
ystem because it provides interesting examples of electron corre-
ation, core polarization, and relativistic effects [13] . In the past 70
ears, there has been extensive theoretical research on transition

































































Fig. 1. A ﬂuorescence decay curve of the 71,160.52 cm −1 level with an exponential 
ﬁtting. 
Fig. 2. A typical ﬂuorescence decay curve of the 67,941.66 cm −1 level with the ﬁt- 

















nrobabilities of Be I. In 2010, Fuhr and Wiese carried out a com-
rehensive critical compilation of the atomic transition probabili-
ies for the spectra of Be [15] . For other relevant papers, one can
efer to the NIST bibliographic database [16] . 
The accuracy of theoretical results needs to be veriﬁed through
omparison to experimental data. However, owing to the pres-
nce of highly-excited states and the small transition probabili-
ies of electric dipole radiation between the singlet and triplet sys-
ems [11] , the data reﬂecting beryllium atomic radiation proper-
ies are still incomplete and insuﬃciently accurate. In Be I radia-
ive lifetimes of only 14 states below the ionization limit were
easured, and also experimental transition probabilities or oscil-
ator strengths of only 10 transitions were reported in literature.
xtending this short list of available radiative parameter measure-
ents would be valuable for benchmarking atomic structure cal-
ulations and for spectroscopic analysis of beryllium atom. In this
aper, radiative lifetimes of ﬁve even-parity Be I levels below the
onization limit including two levels above 70,0 0 0 cm −1 were mea-
ured by time-resolved laser-induced ﬂuorescence (TR–LIF) tech-
ique. For three of those levels, such experimental data are re-
orted for the ﬁrst time. In addition, we calculated the lifetimes
nd transition probabilities for all 17 Be I states, for which exper-
mental lifetimes are known from literature and from the present
ork, using a theoretical model based on the pseudo-relativistic
artree–Fock (HFR) method including core-polarization effects. By
ombining the available experimental data with calculated branch-
ng fractions, new semi-empirical transition probabilities and oscil-
ator strengths were deduced for 90 spectral lines in atomic beryl-
ium. 
. Lifetime measurements 
In this paper, the radiative lifetimes are measured using the
R–LIF method. The experimental setup is the same as that de-
cribed in a paper by our group [17] , so only a brief out-
ine is presented here. Ablation light emitted from a 532 nm
-switched Nd: YAG laser with 8 ns pulse duration, 10 Hz rep-
tition rate was focused on a Be target in a vacuum cham-
er to obtain free atoms. Then a beam of a dye laser (Sirah
obra-stretch) operating with a 4-dicyanomethylene-2-methyl-6-p-
imethylaminostyryl-4H-pyran (DCM) dye having a tunable range
f 604–658 nm was sent through the vacuum chamber to selec-
ively excite the atoms from metastable levels to the levels of in-
erest. To obtain the needed excitation wavelength, one or two
-barium borate (BBO) type I crystals were employed to produce
he second or third harmonics of the dye laser, and sometimes a
ydrogen cell was also used to obtain different orders of Stokes
nd anti-Stokes components. The delay time between the excita-
ion and ablation pulses was adjusted by a digital delay generator.
ollowing the excitation, the ﬂuorescence light detected by a pho-
omultiplier tube (PMT, Hamamatsu R3896) in the direction per-
endicular to the laser and the atomic beams was recorded and
veraged in a 2.5 GHz digital oscilloscope (Tektronix DPO7254). For
ach level, ﬂuorescence curves were recorded at different delay
imes and more than 10 0 0 shots were averaged to improve the
ignal-to-noise ratio of each curve recording. 
In the measurement, all possible effects introducing systematic
rrors, such as collisional effects, radiation trapping, ﬂight-out-of-
iew effect were minimized through appropriate variations of ex-
erimental conditions [18] . When the conditions are varied, e.g.,
educing the excitation energy, adjusting the entrance slit position
f the monochromator in vertical direction and the delay time be-
ween the excitation and ablation lasers, the measured values of
ifetime oscillate around a constant within uncertainty indicating
hat inﬂuence of these systematic effects is negligibly small. With
egard to the effect of the small Earth’s magnetic ﬁeld which mayause Zeeman quantum beats, a static magnetic ﬁeld of about 100
auss was employed, since the magnetic ﬁeld strong enough will
ake the quantum beats too fast to be resolved by PMT owing to
he limitation of response time. It was found that the applied mag-
etic ﬁeld can also reduce the recombination background from the
lasma [19] . 
The lifetime values longer than 40 ns were obtained by ﬁt-
ing the recorded ﬂuorescence curve to an exponential function.
or lifetimes shorter than 40 ns, owing to limitation of the ex-
itation pulse duration and the response time of detection sys-
em, the measurements were evaluated by ﬁtting the ﬂuorescence
ignal to the convolution of the detected laser pulse shape and
n exponential function. As examples, a ﬂuorescence curve of the
1,160.52 cm −1 level with an exponential ﬁt is shown in Fig. 1 ,
hile the decay curve of the 67,941.66 cm −1 level together with
 ﬁtted convolution curve between the laser pulse and an expo-
ential with a decay constant of 11.7 ns is given in Fig. 2 . 
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Table 1 
Measured and calculated lifetimes of Be I levels and comparison with previous results. The values marked in bold were used for deducing adjusted gA 
values by combining them with theoretical BFs. 
Upper level a λExc. (nm) Lifetime (ns) 
Conﬁg. Term J E (cm −1 ) This work Previous 
Exp. Cal. Exp. Cal. 
2 s 2p 1 P o 1 42,565.35 1.7 2.05(6) b , 2.3(1) c , 2.5(2) d , 1.80(15) e , 1.77(5) f , 1.85(4) g 1.79 h , 1.73 i , 1.79 k 
2s3s 3 S 1 52,080.94 6.7 5.95(16) b , 7.3(2) c , 6.2(2) d , 6.4(2) l 6.70 h , 6.65 i , 6.61 k 
2p 2 3 P 0 59,693.65 2.2 2.42(6) b , 2.3(2) c , 2.4(1) d 2.31 h , 2.37 k 
1 59,695.07 2.2 2.42(6) b , 2.3(2) c , 2.4(1) d 2.31 h , 2.37 k 
2 59,697.08 2.2 2.42(6) b , 2.3(2) c , 2.4(1) d 2.31 h , 2.37 k 
2s3d 3 D 1, 2, 3 62,053.72 5.6 5.00(14) b , 4.9(2) c , 5.4(2) d , 5.2(2) l 5.18 h , 5.26 i , 5.14 k 
2s3d 1 D 2 64,428.31 10.6 12.0(3) b , 10.0(2) c , 12.3(4) d , 10.4(10) m 12.3 h , 12.2 i , 12.5 k 
2s4s 3 S 1 64,506.45 235.066 18.2(7) 19.8 17.9 i 
2s4d 3 D 1 67,941.66 217.496 11.7(6) 14.6 11.5(5) c , 10.8(4) d , 11.2(6) n 11.7 h , 11.73 i 
2s4d 1 D 2 68,780.86 15.4 18.8(5) b , 13.6(2) c , 19.3(5) d , 14.0(15) m , 14.5(10) o 19.9 h , 20.1 i 
2s5s 3 S 1 69,010.20 212.554 38.6(6) 42.6 10.5(5) c 38.4 h , 38.4 i 
2s5d 3 D 1 70,603.76 205.588 23.3(10) 30.1 22.5 i 
2s5d 1 D 2 71,002.34 24.4 19(2) m 35.1 h , 35.5 i 
2 s 6 s 3 S 1 71,160.52 203.260 73.4(27) 79.4 69.6 i 
2s6d 1 D 2 72,251.27 36.8 38(4) m 57.3 h , 58.4 i 
a Kramida and Martin [24] . 
b Bergström et al. [3] by non-selective excitation (NSE). 
c Andersen et al. [5] by NSE. 
d Bromander [6] by NSE. 
e Hontzeas et al. [9] by NSE. 
f Irving et al [13] . by NSE. 
g Schnabel and Kock [14] by selective excitation (SE). 
h Moccia and Spizzo [26] . 
i Chang [27] . 
k Tachiev and Froese Fischer [29] . 
l Kerkhoff et al. [11] by SE. 
m Andersen et al [7] by NSE. 
n Bromander et al. [4] by NSE. 


























































m  3. Calculations of lifetimes and oscillator strengths 
The computational approach considered in the present work is
the pseudo-relativistic Hartree–Fock (HFR) method [20] in which
we have incorporated the core-polarization effects, in frames of the
so-called HFR + CPOL method (see e.g. [21,22] ). The conﬁguration
sets retained for the calculations were 1s 2 2s 2 , 1s 2 2s n s ( n = 3 –10),
1s 2 2s n d ( n = 3–10), 1s 2 2p 2 , 1s 2 2p n p ( n = 3–10) and 1s 2 2p n f ( n = 4–
10) for the even parity, and 1s 2 2s n p ( n = 3–10), 1s 2 2s n f ( n = 4–10),
1s 2 2p n s ( n = 3–10) and 1s 2 2p n d ( n = 3–10) for the odd parity. 
The estimate of the core-polarization contributions requires the
knowledge of the dipole polarizability of the ionic core, αd , and of
the cut-off radius, r c . For the ﬁrst parameter, we used the value of
the static dipole polarizability computed by Johnson et al. [23] for
Be III, i.e. αd = 0.05 a 0 3 . The cut-off radius, r c , was chosen equal to
0.41 a 0 , which corresponds to the HFR average value < r > of the
core orbital 1 s. 
In addition, the radial energy parameters, such as average ener-
gies, Slater integrals and spin-orbit parameters, were adjusted with
a least-squares optimization program minimizing the discrepancies
between the calculated and the available experimental energy lev-
els taken from the NIST compilation [24,25] for the conﬁgurations
of the type 1s 2 2s 2 , 1s 2 2p 2 , 1s 2 2s n s, 1s 2 2s n p, 1s 2 2s n d and 1s 2 2s n f.
4. Results and discussion 
The lifetimes measured in this paper for 5 levels in Be I are
listed in Table 1 , where all other 12 levels for which experimental
lifetimes are known in literature are also presented. Furthermore,
calculated lifetimes for the 17 Be I levels along with previously re-
ported results are also shown in the table for comparison. The en-
ergies and classiﬁcations of the levels in the table are from the
compilation by Kramida and Martin [24] . The measurement uncer-ainties consist of possible remaining systematic errors and statis-
ical errors from different recordings. 
For the two levels 67,941.66 and 69,010.2 cm −1 , the lifetimes
ere measured both by others and by us. For the ﬁrst one, the
esults of this work are consistent with literature. For the second
ne, there is a discrepancy of up to 72.8% ((ours −previous)/ours)
ith the experimental result from [5] , but our measurement result
grees well with our calculations and those from [26,27] . Consider-
ng the reliability of the calculated lifetime results (see below), our
easured value of 38.6 ns for the 69,010.2 cm −1 level seems more
eliable than 10.5 ns from [5] . 
As for the comparison between our experimental and calculated
ifetime results, their differences for the ﬁve levels (64,506.45,
7,941.66, 69,010.20, 70,603.76 and 71,160.52 cm −1 ) are 8.8%, 24.8%,
0.4%, 29.2% and 8.2%, respectively, so we can say that they are
n fair agreement. In comparison, the calculation results by Moccia
nd Spizzo [26] and by Chang [27] agree somewhat better with our
xperimental results than those calculated in this paper. However,
he measured lifetimes of the 71,002.34 and 72,251.27 cm −1 levels
re much closer to our calculations than to those of other authors.
or clarity, Fig. 3 shows a comparison between our calculation re-
ults and those from Refs. [26,27] along with all the experimental
ifetime data. 
Table 2 presents the HFR + CPOL theoretical BFs, transition
robabilities gA and oscillator strengths on a logarithmic scale
og( gf ) obtained from gA values using the experimental wavenum-
ers for 90 transitions with the 17 levels listed in Table 1 as upper
evels. In Tables 1 and 2 , the wavelengths calculated from the en-
rgy levels taken from the NIST ASD [25] are given in standard air.
onversion from vacuum to air was made using the ﬁve-parameter
ormula from Peck and Reeder [28] . Previously published semiem-
irical log( gf ) results using the weakest bound electron potential






















































Branching fractions, transition probabilities, oscillator strengths of Be I, and comparison with previous results. Previous gA values represent the total decay rate of the upper level. They are reciprocals of the lifetimes measured 
in the quoted works. 
Upper level a Lower level a λair (nm) BF gA (10 
6 s −1 ) Log( gf ) 
Assign. 
E (cm −1 ) 
Lifetime (ns) Assign. E (cm −1 ) This work Previous This work Previous b 
HFR Adjusted n Exp. HFR Adjusted n WBEPMT QDO MCHF Exp. 
2 s 2p 1 P 1 ° 42,565.35 2s 2 1 S 0 0.00 234.861 1 1720 1622(B + ) 1463(46) h , 1200 e 0.15 0.13(B + ) 0.14 0.15 i , 0.13 c 
τ = 1.85(4) c 
2s3s 3 S 1 52,080.94 2s2p 
3 P 0 ° 21,978.28 332.101 0.111 50.0 52.1(C + ) 504(18) h , 411 e −1.08 −1.06(C + ) −1.17 −1.01 −1.07 
τ = 6.4(2) d 2s2p 3 P 1 ° 21,978.925 332.108 0.333 150 156(C + ) −0.61 −0.59(C + ) −0.69 −0.54 −0.60 
2s2p 3 P 2 ° 21,981.27 332.134 0.556 250 260(B) −0.38 −0.37(B) −0.47 −0.32 −0.38 
2p 2 3 P 0 59,693.65 2s2p 
3 P 1 ° 21,978.925 265.070 1.00 456 435(B + ) 413(12) h , 435 e −0.32 −0.34(B + ) −0.35 
τ = 2.3(2) e 
2p 2 3 P 1 59,695.07 2s2p 
3 P 0 ° 21,978.28 265.055 0.333 456 434(B + ) −0.32 −0.34(B + ) −0.35 
τ = 2.3(2) e 2s2p 3 P 1 ° 21,978.925 265.061 0.250 342 326(B + ) −0.44 −0.46(B + ) −0.48 
2s2p 3 P 2 ° 21,981.27 265.076 0.417 570 544(B + ) −0.22 −0.24(B + ) −0.25 
2p 2 3 P 2 59,697.08 2s2p 
3 P 1 ° 21,978.925 265.045 0.250 570 543(B + ) −0.22 −0.24(B + ) −0.25 
τ = 2.3(2) e 2s2p 3 P 2 ° 21,981.27 265.062 0.750 1711 1630(B + ) 0.26 0.23(B + ) 0.22 
2s3d 3 D 1 62,053.72 2s2p 
3 P 0 ° 21,978.28 249.454 0.550 293 317(B) 612 e −0.56 −0.53(B) −0.58 −0.59 −0.53 
τ = 5.2(2) d 2s2p 3 P 1 ° 21,978.925 249.458 0.413 220 238(C + ) −0.69 −0.65(C + ) −0.70 −0.71 −0.65 
2s2p 3 P 2 ° 21,981.27 249.473 0.028 14.7 15.9(C) −1.86 −1.83(C) −1.88 −1.89 −1.83 
2s3p 3 P o 0 58,907.45 3177.500 0.005 2.83 2.30(E) −0.37 −0.33(E) −0.28 −0.25 −0.30 
2s3p 3 P o 1 58,907.45 3177.500 0.004 2.12 3.06(E) −0.49 −0.46(E) −0.41 −0.38 −0.43 
2s3p 3 P 2 ° 58,907.83 3177.884 0.0 0 03 0.141 0.152(E) −1.67 −1.64(E) −1.58 −1.53 −1.60 
2s3d 3 D 2 62,053.72 2s2p 
3 P 1 ° 21,978.925 249.458 0.743 659 714(B + ) 1020 e −0.21 −0.18(B + ) −0.23 −0.23 −0.18 
τ = 5.2(2) d 2s2p 3 P 2 ° 21,981.27 249.473 0.248 220 238(C + ) −0.69 −0.65(C + ) −0.70 −0.71 −0.65 
2s3p 3 P 1 ° 58,907.45 3177.500 0.007 6.36 6.89(E) −0.02 0.018(E) 0.07 0.10 0.05 
2s3p 3 P 2 ° 58,907.83 3177.884 0.002 2.12 2.30(E) −0.49 −0.45(E) −0.41 −0.38 −0.43 
2s3d 3 D 3 62,053.72 2s2p 
3 P 2 ° 21,981.27 249.473 0.990 1230 1333(B + ) 1428 e 0.06 0.09(B + ) 0.05 0.04 0.09 
τ = 5.2(2) d 2s3p 3 P 2 ° 58,907.83 3177.884 0.010 11.9 12.9(E) 0.26 0.29(E) 0.34 0.37 0.32 
2s3d 1 D 2 64,428.31 2s2p 
1 P 1 ° 42,565.35 457.266 0.935 439 380(B + ) 500 e 0.14 0.08(B + ) 0.01 0.14 0.09 0.19 e , 0.18 k 
τ = 12.3(4) f 2s3p 1 P 1 ° 60,187.34 2357.308 0.065 30.3 26.2(C + ) 0.40 0.34(C + ) 0.41 0.35 0.31 
2s4s 3 S 1 64,506.45 2s2p 
3 P 0 ° 21,978.28 235.066 0.085 12.9 14.0(C + ) −1.97 −1.94(C + ) −1.94 −1.86 −1.94 
τ = 18.2(7) 2s2p 3 P 1 ° 21,978.925 235.070 0.254 38.6 41.9(C + ) −1.50 −1.46(C + ) −1.47 −1.38 −1.46 
2s2p 3 P 2 ° 21,981.27 235.083 0.424 64.3 69.8(C + ) −1.27 −1.24(C + ) −1.24 −1.16 −1.24 
2s3p 3 P 0 ° 58,907.45 1785.546 0.026 4.00 4.30(C) −0.72 −0.68(C) −0.66 −0.59 −0.67 
2s3p 3 P 1 ° 58,907.45 1785.546 0.079 12.0 13.0(C + ) −0.24 −0.21(C + ) −0.18 −0.11 −0.19 
2s3p 3 P 2 ° 58,907.83 1785.667 0.132 20.0 21.7(C + ) −0.02 0.016(C + ) 0.04 0.11 0.03 
2s4d 3 D 1 67,941.66 2s2p 
3 P 0 ° 21,978.28 217.496 0.520 107 133(B) −1.12 −1.02(B) −1.03 −1.05 −1.02 
τ = 11.7(6) 2s2p 3 P 1 ° 21,978.925 217.499 0.390 80.2 100(C + ) −1.24 −1.15(C + ) −1.16 −1.18 −1.14 
2s2p 3 P 2 ° 21,981.27 217.510 0.026 5.35 6.67(C) −2.42 −2.32(C) −2.33 −2.35 −2.32 
2s3p 3 P 0 ° 58,907.45 1106.601 0.033 6.74 8.40(C) −0.90 −0.81(C) −0.99 −0.86 −0.88 
2s3p 3 P 1 ° 58,907.45 1106.601 0.025 5.06 6.31(C) −1.02 −0.936(C) −1.11 −0.98 −1.0 
2s3p 3 P 2 ° 58,907.83 1106.647 0.002 0.337 0.420(E) −2.20 −2.11(E) −2.29 −2.16 −2.18 
2s4p 3 P 0 ° 66,811.88 884 8.86 8 0.003 0.530 0.660(E) −0.21 −0.11(E) −0.06 −0.07 −0.09 
2s4p 3 P 1 ° 66,811.88 884 8.86 8 0.002 0.400 0.500(E) −0.33 −0.24(E) −0.18 −0.19 −0.22 
2s4p 3 P 2 ° 66,811.88 884 8.86 8 0.0 0 01 0.0260 0.0330(E) −1.51 −1.41(E) 





















































Table 2 ( continued ) 
Upper level a Lower level a λair (nm) BF gA (10 
6 s −1 ) Log( gf ) 
Assign. E (cm −1 ) 
Lifetime (ns) 
Assign. E (cm −1 ) This work Previous This work Previous b 
HFR Adjusted n Exp. HFR Adjusted n WBEPMT QDO MCHF Exp. 
2s4d 1 D 2 68,780.86 2s2p 
1 P 1 ° 42,565.35 381.345 0.968 313 251(B + ) 370 e −0.17 −0.26(B + ) −0.31 −0.37 −0.28 −0.09 e , −0.12 k 
τ = 19.3(5) f 2s3p 1 P 1 ° 60,187.34 1163.349 0.003 0.94 0.75(E) −1.72 −1.82(E) −1.52 −0.78 −1.28 
2s4p 1 P 1 ° 67,034.70 5725.291 0.027 8.87 7.11(C) 0.64 0.54(C) 0.59 0.62 0.56 
2s4f 1 F 3 ° 68,241.18 18,524.449 0.0015 0.473 0.38(E) 0.39 0.29(E) 
2s5s 3 S 1 69,010.20 2s2p 
3 P 0 ° 21,978.28 212.554 0.076 5.32 5.87(D + ) −2.44 −2.40(D + ) −2.38 −2.30 −2.39 
τ = 38.6(6) 2s2p 3 P o 1 21,978.925 212.557 0.227 16.0 17.7(D + ) −1.97 −1.92(D + ) −1.90 −1.83 −1.91 
2s2p 3 P 2 ° 21,981.27 212.568 0.378 26.6 29.4(D + ) −1.74 −1.70(D + ) −1.68 −1.61 −1.69 
2s3p 3 P 0 ° 58,907.45 989.558 0.021 1.49 1.65(D + ) −1.66 −1.62(D + ) −1.64 −1.57 −1.63 
2s3p 3 P 1 ° 58,907.45 989.558 0.064 4.47 4.94(C) −1.18 −1.14(C) −1.16 −1.10 −1.16 
2s3p 3 P 2 ° 58,907.83 989.595 0.106 7.45 8.23(C) −0.96 −0.92(C) −0.94 −0.87 −0.94 
2s4p 3 P 0 ° 66,811.88 4547.688 0.014 1.01 1.12(D) −0.51 −0.46(D) −0.48 −0.41 −0.46 
2s4p 3 P 1 ° 66,811.88 4547.688 0.043 3.02 3.33(C) −0.03 0.01(C) 0 0.07 0.01 
2s4p 3 P 2 ° 66,811.88 4547.688 0.071 5.03 5.55(C + ) 0.19 0.24(C + ) 0.24 0.29 0.24 
2s5d 3 D 1 70,603.76 2s2p 
3 P 0 ° 21,978.28 205.588 0.499 49.7 64.3(B) −1.50 −1.39(B) −1.36 −1.39 −1.36 
τ = 23.3(10) 2s2p 3 P 1 ° 21,978.925 205.590 0.374 37.2 48.1(C + ) −1.63 −1.52(C + ) −1.48 −1.51 −1.49 
2s2p 3 P 2 ° 21,981.27 205.600 0.025 2.48 3.20(C) −2.80 −2.69(C) −2.66 −2.69 −2.67 
2s3p 3 P 0 ° 58,907.45 854.736 0.046 4.56 5.90(C) −1.30 −1.19(C) −1.32 −1.22 −1.24 
2s3p 3 P 1 ° 58,907.45 854.736 0.034 3.42 4.42(C) −1.42 −1.31(C) −1.45 −1.35 −1.37 
2s3p 3 P 2 ° 58,907.83 854.763 0.0023 0.228 0.300(E) −2.60 −2.49(E) −2.62 −2.52 −2.54 
2s4p 3 P 0 ° 66,811.88 2636.495 0.0071 0.704 0.910(E) −1.12 −1.02(E) −1.19 −1.03 −1.08 
2s4p 3 P 1 ° 66,811.88 2636.495 0.0053 0.528 0.680(E) −1.25 −1.15(E) −1.31 −1.16 −1.20 
2s4p 3 P 2 ° 66,811.88 2636.495 0.0 0 04 0.0352 0.0455(E) −2.42 −2.32(E) −2.49 −2.33 −2.38 
2s4f 3 F 2 ° 68,241.02 4231.220 0.0039 0.384 0.497(E) −0.99 −0.87(E) −1.02 −1.08 −1.04 
2s5p 3 P 0 ° 70,065.40 18,569.869 0.0015 0.148 0.192(E) −0.12 −0.004(E) 0.03 0.05 0.03 
2s5p 3 P 1 ° 70,065.40 18,569.869 0.0011 0.111 0.144(E) −0.24 −0.13(E) −0.09 −0.08 −0.09 
2s5d 1 D 2 71,002.34 2s2p 
1 P 1 ° 42,565.35 351.554 0.962 197 137(B + ) −0.44 −0.60(B + ) −0.77 −0.74 −0.60 −0.32 k 
τ = 35.1(18) g 2s3p 1 P 1 ° 60,187.34 924.388 0.018 3.78 2.63(E) −1.31 −1.47(E) −1.28 −0.91 −1.22 
2s4p 1 P 1 ° 67,034.70 2519.702 0.003 0.594 0.413(E) −1.25 −1.41(E) −2.09 −2.12 −2.71 
2s4f 1 F 3 ° 68,241.18 3620.679 0.0 0 02 0.0463 0.0322(E) −2.04 −2.20(E) 
2s5p 1 P 1 ° 70,120.49 11,336.706 0.015 3.07 2.14(D + ) 0.77 0.61(D + ) 0.69 0.70 0.67 
2s5f 1 F 3 ° 70,749.90 39,602.577 0.0012 0.244 0.170(E) 0.76 0.60(E) 




















































Table 2 ( continued ) 
Upper level a Lower level a λair (nm) BF gA (10 
6 s −1 ) Log( gf ) 
Assign. E (cm −1 ) 
Lifetime (ns) 
Assign. E (cm −1 ) This work Previous This work Previous b 
HFR Adjusted n Exp. HFR Adjusted n WBEPMT QDO MCHF Exp. 
2 s 6 s 3 S 1 71,160.52 2s2p 
3 P 0 ° 21,978.28 203.260 0.071 2.69 2.91(C) −2.78 −2.74(C) −2.69 −2.62 −2.71 
τ = 73.4(27) 2s2p 3 P 1 ° 21,978.925 203.263 0.214 8.08 8.74(C) −2.30 −2.27(C) −2.22 −2.14 −2.23 
2s2p 3 P 2 ° 21,981.27 203.272 0.357 13.5 14.6(C) −2.08 −2.04(C) −1.99 −1.92 −2.01 
2s3p 3 P 0 ° 58,907.45 815.898 0.020 0.742 0.802(D + ) −2.13 −2.10(D + ) −2.09 −2.05 −2.10 
2s3p 3 P 1 ° 58,907.45 815.898 0.059 2.23 2.41(C + ) −1.65 −1.62(C + ) −1.62 −1.58 −1.63 
2s3p 3 P 2 ° 58,907.83 815.923 0.098 3.71 4.01(C + ) −1.43 −1.40(C + ) −1.40 −1.35 −1.40 
2s4p 3 P 0 ° 66,811.88 2298.942 0.011 0.414 0.447(E) −1.48 −1.45(E) −1.45 −1.42 −1.47 
2s4p 3 P 1 ° 66,811.88 2298.942 0.033 1.24 1.34(C) −1.01 −0.97(C) −0.97 −0.94 −0.99 
2s4p 3 P 2 ° 66,811.88 2298.942 0.055 2.07 2.24(C + ) −0.79 −0.75(C + ) −0.75 −0.72 −0.77 
2s5p 3 P 0 ° 70,065.40 9128.931 0.009 0.345 0.370(E) −0.37 −0.33(E) −0.33 −0.34 −0.33 
2s5p 3 P 1 ° 70,065.40 9128.931 0.028 1.04 1.12(C) 0.11 0.15(C) 0.15 0.14 0.15 
2s5p 3 P 2 ° 70,065.40 9128.931 0.046 1.73 1.87(C) 0.33 0.39(C) 0.37 0.36 0.37 
2s6d 1 D 2 72,251.27 2s2p 
1 P 1 ° 42,565.35 336.763 0.955 130 83.2(B + ) −0.66 −0.85(B + ) −1.05 −0.96 −0.86 −0.68 k 
τ = 57.3(29) g 2s3p 1 P 1 ° 60,187.34 828.689 0.030 4.02 2.58(E) −1.39 −1.58(E) −1.42 −1.14 −1.39 
2s4p 1 P 1 ° 67,034.70 1916.445 0.0 0 02 0.0292 0.019(E) −2.79 −2.99(E) −2.47 −1.89 −2.28 
2s4f 1 F 3 ° 68,241.18 2493.029 0.0 0 02 0.0277 0.018(E) −2.59 −2.78(E) 
2s5p 1 P 1 ° 70,120.49 4691.838 0.0048 0.648 0.415(E) −0.67 −0.86(E) −1.30 −1.13 −1.46 
2s5f 1 F 3 ° 70,749.90 6658.768 0.0 0 03 0.0396 0.0253(E) −1.58 −1.77(E) 
2s6p 1 P 1 ° 71,746.09 19,789.530 0.0095 1.29 0.827(E) 0.88 0.69(E) 0.76 0.79 0.76 
2s6f 1 F 3 ° 72,111.62 71,588.075 0.001 0.134 0.086(E) 1.01 0.82(E) 
a Energy level data are from Kramida and Martin [24] , the lifetime data without reference were measured in this paper. 
b WBEPMT and QDO are the calculated results from [1] while MCHF are the calculated ones from [29] . 
c Schnabel and Kock [14] . 
d Kerkhoff et al. [11] . 
e Andersen et al. [ 5 ]. 
f Bromander [ 6 ]. 
g Moccia and Spizzo [ 26 ]. 
h Bergström et al. [ 3 ]. 
i Irving et al. [13] . 
k Andersen et al [ 7 ]. 
n Adjusted gA - and log gf -values deduced from the combination of HFR branching fractions with lifetimes either from our experiment or from critically selected other experimental or theoretical work indicated in bold font 
in Table 1 . The estimated uncertainties are given in parentheses by code letters used in the NIST database [25] , i.e. B + ( ≤7%), B ( ≤10%), C + ( ≤18%), C ( ≤25%), D + ( ≤40%), D ( ≤50%) and E ( > 50%) (see text). 
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Fig. 3. Comparison between our calculated lifetimes and other experimental and 




































Fig. 4. Comparison between the branching fractions calculated in the present work 





































ptheory by Ate ¸s et al. [1] and with the multiconﬁguration Hartree–
Fock (MCHF) theory by Tachiev & Froese Fischer [29] respectively
are also shown in the table for comparisons. For gf values, their
differences from our HFR results ((previous − ours)/ours) are be-
low ± 20% for 75, 47 and 77% of the transitions, respectively, and
they are less than ±50% for 92, 92 and 95% of the lines. 
To fully utilize the experimental lifetime results, the adjusted
gA and log( gf ) values listed in Table 2 were deduced by combining
theoretical BFs obtained in this work with measured lifetimes. For
comparison, Table 2 also gives log( gf ) values from previous exper-
iments and two calculations. In Table 1 , the lifetime values used
for determining the adjusted gA values are marked in bold. From
the table one can see that for most of levels previous experimen-
tal lifetimes are discrepant, while previous theoretical results are
in very good accordance. On the other hand, the eight measured
lifetime results from this work and Ref. [11] using selective exci-
tation method, which is free of cascade effect, agree rather well
with these theoretical results. This obviously indicates that pre-
vious theoretical results are of very high quality and reliability.
Therefore, the fact that the radiative parameters of Be I in NIST
database [25] take theoretical gA values is understandable. So the
lifetimes for other seven levels measured by non-selective excita-
tion were selected based on the good agreement with theoretical
results. For the two levels at 71,002.34 and 72,251.27 cm −1 , the
experimental lifetimes measured with the beam-foil technique by
Andersen et al. [7] strongly deviate from the calculated values, so
their experimental results were disregarded and the lifetimes cal-
culated by Moccia and Spizzo [26] were used for deducing the ad-
justed gA and log( gf ). We used the upper-bound estimated values
for the two levels from Ref. [26] and the less-than signs with them
are not presented in Table 1 because according to our calculations
(see Table 2 ) the decay branches omitted by the authors have neg-
ligibly small contributions to the lifetimes. The uncertainties of the
calculated lifetimes from Moccia and Spizzo [26] were evaluated as
3.5% by comparison with the results deduced from gA values col-
lected in the NIST database [25] for the 15 levels listed in Table 1 . 
The estimated uncertainties of these adjusted gA and log( gf )
data are also reported in Table 2 , using the same code letters ashose usually employed in the NIST database [25] . They were eval-
ated as follows. First, an uncertainty was assigned to all our cal-
ulated HFR BF-values by comparing the latter to those deduced
rom the transition rates listed in the NIST database [25] . Such a
omparison is shown in Fig. 4 where the ratios BF This work /BF NIST 
re reported against BF This work . When looking at this ﬁgure, one
an clearly note a quite regular pattern of increasingly deviating
eak branches, the BF-values smaller than 0.005 being affected
y large uncertainties (up to an order of magnitude) while larger
alues have uncertainties in the range 2–30%. These uncertainties
ere then combined in quadrature with the experimental lifetime
ncertainties to yield the uncertainties of gA - and gf -values. As a
nal result, out of the 90 transitions listed in Table 2 , there are
6 with an improved accuracy of the decay rates compared to the
IST data, and 7 new transition probabilities that can be assigned
n accuracy better than 40%. 
Previous experimental gA and log( gf ) results from literature are
lso presented in Table 2 for comparison. The previously reported
xperimental gA values are represented by the reciprocals of the
easured lifetimes [3,5] . Thus, they correspond to sums of gA val-
es for all possible decay branches of the upper level. They agree
ell with the sums of our adjusted gA values. As for log( gf ), most
evels have larger differences between previous and our adjusted
esults due to different choices of lifetime data used in the deriva-
ion. 
. Conclusion 
In summary, in this experiment radiative lifetimes for 5 even-
arity levels of Be I were measured by the TR-LIF method, and
hree of them are reported for the ﬁrst time to our best knowl-
dge. In addition, the HFR + CPOL method was used to calculate
ransition probabilities and oscillator strengths for 90 Be I lines.
ased on the calculated transition probabilities, theoretical branch-
ng fractions were deduced to present adjusted transition probabil-
ties and oscillator strengths for these lines by combining the cal-
ulated branching fractions with experimental and theoretical life-
imes. The data reported in this paper have been veriﬁed by com-
arison with previous results. 
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